Chemical Mechanical Polishing (CMP) is used in polishing of glass and ceramic surfaces as well as in integrated circuit manufacturing to remove excess material and provide a globally planarized wafer surface. One of the critical consumables in the CMP process is abrasive slurry typically containing both abrasives and chemicals acting together. To improve the chemical mechanical polishing performance, abrasive particles of acidic, basic and neutral colloidal silica were modified with 3-mercapto propyl tri methoxysilane (MPTMS) through silanization reaction with surface hydroxyl group. The modified abrasive slurries were used for chemical mechanical polishing of glass substrate. The results obtained indicate that the modified colloidal silica nanoparticlesslurry (MPTMS + Acidic Colloidal silica)with better dispersibility and stability in aqueous fluids resulted in improved surface finish and material removal rate than conventional process. The results of comparative study between three modified slurries showed that modified resulted (MPTMS + Acidic Colloidal silica) has better surface finish and more material removal rate of 6micron in four hours with surface finish in the range of 0.4nm -0.7nm, which proved to be better than the conventional process.
Introduction
Many advanced hard and brittle, difficult-to-machine materials such as silicon, optical glass and ceramics are used for industrial applications. Out of such hard and brittle materials, silicon is the fundamental substrate for most integrated circuits (ICs) and over 90% of semiconductor devices are fabricated on Si wafers. Different abrasive processes such as grinding and lapping leads to deterioration of the surface. Although ductile or partial ductile regime grinding of silicon can be achieved, polishing plays a vital role to attain the required surface quality (Zhong ZW,2002 andZhong ZW,2003 . Numerous polishing processes exist; including resist etch back, SpinonGlass (SOG), Boro-Phosphate-Silicate Glass (BPSG), and Chemical mechanical polishing (CMP). Among them, great interest is given to CMP processing. , Chemical mechanical polishing (CMP) technology was first put forward by Monsanto (Walsh R J and Herzog A. H. 1965; Chen WC etal., 1999; Hara Tohruet al., 1999) .It is an indispensable process step in semiconductor and Phase-change memory (PCM) device fabrication process, which enables a more effective global planarization in comparison with other techniques (Stiegerwald J. M. et al., 1997; Homma Y et al.,1997; Jongmin Lim et al., 2000) .It allows for effective reduction of the surface damage to obtain super-smooth surface in fabrication of electronic devices (Dominika S et al., 2004; Gottfried K et al.,2006; Zhu Yonghua et al.,2007; Sun J Z et al.,2009 ) and defect density, common technique used in wafer polishing for dynamic memory, microprocessor applications and glass mechanical polishing. It is one of the key new nanotechnology fabrication processes, a true advance that could be made to work despite enormous odds and technical difficulties early on. The Chemical mechanical polishing performances can be optimized by process parameters such as equipment and consumables (pad, backing film, and slurry). One of the critical consumables in the CMP process is slurry typically containing both abrasives and chemicals acting together, that directly affects CMP efficiency and the yield. Slight changes in slurry properties due to contamination, chemical degradation, abrasive content or applied shear can change polish performance and impact yield. Choosing slurry which provides good removal rates without causing defects is of utmost importance in CMP. Colloidal sized SiO 2 , CeO 2 and Al 2 O 3 particles are used in the manufacturing of CMP slurries. Slurries are typical consumable materials for CMP. The abrasive particles in the slurry affect the quality of surface finish of silica substrate to a great extent. The selection of abrasive particles in the slurry must be strictly controlled to avoid the scratches, haze and other defects. The colloidal silica and fumed silica are known as the representative CMP slurry materials. Fumed silica is difficult to disperse in an aqueous system and to control powder processing, because of a large specific surface area. Colloidal silica polishing suspensions are unique because they provide both dispersing action as well as a chemical mechanical polishing (CMP) action. These polishes are chemically stabilized to produce a nearly "perfect suspension"; can also have additives that minimize the effect of particle aggregation of crystallization. There have been several attempts to modify the surface of abrasive particles. Characteristics like surface charge, reactivity of surface sites and hardness can be changed by coating with a layer of different chemical compositions.To polish the semiconductor device (Cecil et al., 2008) ceria-polymer composite particles were used in slurry. Polymer (polyethylene) latex spheres were covered with a shell of alumina to produce less dishing and erosion (Kawahashi N and Hattori M, 2001 ). To improve the dispersion stabilization of zinc oxide nanoparticles (Tang et al., 2006) zinc oxide nanoparticles ,modified with polymethacrylic acid (PMAA) in aqueous system. The results (Zhang Z.F. and Lei H, 2008; Lei H. et al.,2008; Lei H. and Zhang P.Z., 2007) reported that the modified alumina abrasive exhibited good dispersibility, lower surface roughness and less scratch. The CMP performance of the modified ceria nanoparticles by APS on the silicon oxide was investigated and found improvement in surface finish (Zhang Zefang et al., 2009) 
Objective
The surface quality of glass substrate obtained by Chemical Mechanical Polishing may be enhanced by adding suitable modifiers in the abrasive slurry. In this paper, the effect of using 3-mercapto propyl tri methoxysilane (MPTMS) modifier with acidic, basic and neutral colloidal silica slurries on surface finish of silica substrate and material removal rate in chemical mechanical polishing is investigated.
Experimental
Experiments were carried out for chemical mechanical polishing of glass substrate using acidic, basic and neutral colloidal slurry consisting of abrasive particles modified with 3-mercaptopropyltrimethoxysilane. Three trials of experiments were conducted using modified slurries on five samples. The size distribution and zeta potential of the particles are measuredby Malvern ZetasizerNano SZ Particle Size/Zeta PotentialAnalyzer.The experimentation consisted of preparation of slurry, chemical mechanical polishing and measurement of material removal rate and surface quality
Abrasive Material and Modifier
Colloidal Silica pH4 Ultrasol® 7H ,Ultra-Sol® 3EX ColloidalSilicawith pH 7.3, Ultrasol® 500S Colloidal Silica pH 9.9 were procured from Eminess Technologies USA. 3-mercaptopropyltrimethoxy silane (MPTMS) 85% obtained from Acros organics. All chemicals were used as received without further purification. Purified water having a water resistivity 18 MΩ cm was used. All the sample preparations were done at room temperature.
Preparation of the modified Slurry
Theslurrywaspreparedbyrapidlymixingthetwosolutionsat roomtemperature. The first solution was acidic colloidal silica and the second solution was 3-mercaptopropyltrimethoxysilane (MPTMS). OnemlofMPTMS isadded slowly in2hrsunderroomtemperaturewithvigorousstirring intoa100mlof acidic colloidalsilica. The particles were then separated by centrifugation. These-obtained product was kept under observation for48hoursintemperature controlled clean room. Finally, there sulting modified nano-particles were dried at 80ºC for 24 hours in vacuum oven priortouse. The dried powder of one gram mixture was diluted by 100ml of De-Ionized water in a container by stirring continuously. The pH of the solution was found to be in the acidic range by combined glass electrode. The solution was kept for 24 hours. The mixture was filtrated with a strainer to obtain slurry containing 3-mercaptopropyltrimethoxy silane(MPTMS)+acidic colloidal silica abrasive and the clear solution was used for polishing. The same procedure was adopted to modify basic and neutral colloidal silica slurry with MPTMS.
Polishing performance test by conventional polishing:
The fused silica glass of 18 X 14 X 6.792 mm 3 was polished using optical polishing Machine as in fig. 1 . Three trials of polishing experiments were conducted on five samples. After the preliminary operation, the glass substrate was subjected to final Polishing using opaline powder on polyurethane polishing pad. Then the glass substrate was tested for its surface roughness by 3 D non contact profiler using White Light Phase shifting Interferometry techniques with the accuracy of 0.1 nm in the Z direction to obtain Ra and Rt roughness heights. The Surface roughness was measured for five samples
Polishingperformancetestbyusing modified Slurries
The polishing slurries composed of 100ml mixture of 1gm3-mercaptopropyltrimethoxysilane(MPTMS) +Acidiccolloidalsilica, MPTMS + Basic Colloidal silica and MPTMS+ Neutral colloidal silicainultrapure water.CMPwascarried outfor4hrs for all of the slurries with a polyurethane polishing padundertheconstantconditionsof processingpressure1psi,rotatingspeed30rpm,15 oscillations of spindle per minuteandslurry supply rateof25ml/hr.Afterthepolishingprocedure,theglasssubstrate wascleanedusing theultrapurewatersolution andthendried offforobservation.
Results:
The measured and average surface roughness values for three different modified slurries on five samples for three trials are shown in Table.1, Table.2 and Table. 3. WYCONT1000 Surface Profilerwasusedto measure the surface Roughness (Ra)and Peak-to-Valley value (PV) of glass substrate. Theaveragevaluesof surfaceroughness obtainedwithunmodifiedandmodified slurries areplottedin Fig.2, Fig.3 and Fig.4 Material RemovalRate(MRR)wascalculated bymeasuring the thickness of the work piece near each of four corners. The measurement was taken by digital height dial indicator (Mitutoyo, Japan). Leica DM2500 Optical Microscope (Leica Microsystems) was used to observe micro defects 
Material Removal Rate:
The Material Removal Rate (MRR) of the CMP process was also influenced by the slurry.The material removal of approximately 3micron was possible by polishing for eight hours by conventional polishing process and 6micron amount of material was removed by polishing for only four hours with modified (MPTMS + Acidic Colloidal silica) slurry. The results as shown in Fig.6 indicate that the material removal rate was more by modified polishing solution than by conventional polishing process thus leading to time and cost effective process with better surface finish. 
Discussions
The particle size and zeta potential of modified slurries of acidic, basic and neutral colloidal silica were analysed by Malvern zeta potential analyser v2.2.Zeta potential is a measure of the magnitude of the electrostatic or charge repulsion or attraction between particles, and is one of the fundamental parameters known to affect stability. Its measurement brings detailed insight into the causes of dispersion, aggregation or flocculation.Dynamic Light Scattering (DLS) measures the hydrodynamic diameter of nanoparticles in solution and provides information on the aggregation state of nanoparticles in solution. DLS measurements are performed on a Malvern ZetasizerNano ZS instrument
Size/zeta potential of silica
The size distributions of modified SiO 2 particlesare shown in Fig. 7a and 7b . An additionalpeak which may be caused by the self polymerizationof ungraftedMPTMSexists in the size distribution of modifiedBasic Colloidal Silica + MPTMS.The average size of modifiedparticles is a little larger than that of unmodified particles due to organic coating on the surface. The results of average zeta potential in Table 4 indicate thatthe dispersionstability of modified particles is improved largely. From Table 4 the particle size of acidic colloidal silica is greater than basic colloidal silica thereby resulting in high material removal rate. The soft organic coating on the abrasive surface leads to very good surface finish. Though the size of neutral colloidal silica was large, thepolydispersityindex index was very large showing surface finish inferior to that of modified slurries of acidic and basic colloidal silica.The siloxane groups in the silane andhydroxyl groups on the surface of the silica particle can generatehydrolysis condensation reaction, which will change thesurface chemical properties of silica particles. Research resultsdemonstrate that the modified particles have betterdispersion stability than unmodified particles which conformto the results of zeta potential. 
Polishing performances of modified Colloidal Silica
The polishing of glass substrate is performed through chemical reaction between base glass substrate andmechanical grinding effect of modified SiO 2 abrasives. The damagedlayers are removed in time and perfect surface is achieved as also reported by (SongX.L,2008 and ZhaoY.W. etal., 2002) .The modifiedparticles provide better surface quality thanunmodified particles due to the soft coating of modified particles that decrease mechanical damage so as to produce improved surfacequality.The surface Roughness (Ra) by the slurry with silane modified (MPTMS + Acidic Colloidal silica)particles are lower than thatwith unmodified particles as modified particleshave soft organic coating as buffer layer resulting in reducingmechanical damage showing drastic improvement in surface finish with respect to base roughness than modified basic and neutral slurry. The slurry with silane modified silica particles of MPTMS + Acidic Colloidal silica gives highest material removal rate in four hoursthan that with unmodified particles. As depicted in the literature by (MalladaR. etal., 2008) ,the silane always exhibits excellent permeability, whichmay improve the efficiency for modified particles to take effectsand accelerating substance transmission , which eventually give rise to the higher MRR. Surface finish of MPTMS modified neutral Colloidal Silica particles tend to aggregate showing very less improvement in surface finish incomparison to base roughness obtained by conventional slurry.
Conclusion
In this work, the paper introduces the preparation of silane (MPTMS) modified by acidic, basic and neutral Colloidal Silica particles and their application on finalpolishing of glass substrate. The effect of abrasive particle modifier MPTMS on surface finish of glass substrate was observed by chemical mechanical polishing. It was found that there was improvement in surface finish by modification of acidic, basic and neutral colloidal silica with silane when compared to conventional polishing process as the soft coating of MPTMSsilane on abrasive particles helped to decrease mechanical damage so as to improve surface quality. It was also found that the removal rate also improved by using modified slurry than by conventional polishingresulting from readily carrying off of polishingdebris because of permeability of silane. Experimental results revealed that MPTMS + Acidic Colloidal silicahas good surface finish and has highest material removal rate in four hours. Further enhancements in surface finish and material removal rate may be investigated by using different modifiers during chemical mechanical polishing.
